Introduction
Aberrant cell-surface glycosylation is often closely associated with tumor progression and malignancy. 1 In most cases, carbohydrate antigens may be rather specific to a certain type of tumor and are not overexpressed or recognized by the immune system in normal tissues. 2 Therefore, carbohydrate antigens have been greatly mesmerizing scientists in relevant fields because of their potential applications in tumor immunotherapy.
3 SB 1a , a glycosphinolipid with a disulfated tetrasaccharide moiety, was first isolated from rat kidney by Tadano and Ishizuka. 4 The normal human liver contains essentially no detectable amount of SB 1a . However, studies have shown that a remarkable accumulation of SB 1a exists, not only in the cultured human hepatocellular carcinoma (HCC) cell lines, but also in glycolipid fractions extracted from HCC tissues. Therefore, it is suggested that SB 1a is one of the most important cancer-associated carbohydrate antigens of HCC. 5, 6 In order to elucidate the functions of SB 1a in detail, especially its mechanism involved in the onset, progression, and metastasis of HCC, and hence pursue optimal carbohydrate-based anticancer vaccines for HCC, we have synthesized the disulfated tetrasaccharide moiety of the SB 1a determinant, namely compound 1, in which a 2-aminoethyl group is attached to the reducing terminal as a spacer arm, which could facilitate further formation of immunogenic glycoconjugates by the coupling of the spacer amino group and a carrier protein.
Deblocking of 15 to the target tetrasaccharide 1 includes several steps as in the following. At first, selective removal of the chloroacetyl group at the 3 §-OH position and the p-methoxybenzyl group at 3%-OH position with thiourea and cerium(IV) ammonium nitrate (CAN), respectively, gave 17. Then, treatment of the diol 17 with sulfur trioxide·pyridine complex in pyridine furnished the disulfated compound 18 in 95% yield. But deprotection of 18 was rather complicated. Catalytic hydrogenolysis, using palladium-on-charcoal in different solvents (AcOH, 2:1 MeOH-AcOH) was sluggish and the yield was low. This problem may be ascribed to the catalyst passiveness due to the interaction with the aminoethyl fragment formed. A similar phenomenon has been observed by Spijker et al. 13 and Stahl et al. 14 To avoid this inhibitory effect, hydrochloric acid was added to the reaction mixture to convert the formed amine to its hydrochloride salt. This greatly increased the hydrogenolysis rate and yield. Then, deacylation of 19 with 0.012 M sodium methoxide in MeOH at room temperature provided product 20 with the 2 §-O-benzoyl group retained. Increasing base concentration and prolonging reaction time only led to decomposition of the product. When the O-deacylation was carried out with ammonia in MeOH, no O-deacylation but O-desulfonation was observed. Finally, the saponification of 19 was completed with 0.5 M sodium methoxide in MeOH at 0°C for 6 h to give the title compound 1 in 90% yield.
Experimental
General methods. -All moisture-sensitive reactions were performed under argon atmosphere, and organic solvents were dried over standard drying agents and freshly distilled prior to use. Optical rotations were measured at 25°C with an Optical Activity LTD AA-10R polarimeter in a 5-cm, 1-mL cell. Melting points were uncorrected. NMR spectra were recorded at room temperature with a JEOL 300, Bruker AM 400, and INOVA-600 spectrometers. Chemical shifts were expressed in ppm downfield from the signal for internal Me 4 Si for solutions in CDCl 3 , CD 3 OD and DMSO-d 6 , or DSS in case of D 2 O. MALDI-TOFMS analyses were performed with an LDI-1700 mass spectrometer. Column chromatography was performed on silica gel H 60, and fractions were monitored by TLC on silica gel 60 GF 254 with detection by UV light and/or by charring with 10% H 2 SO 4 in EtOH. Solutions were concentrated at or below 40°C and dried with anhydrous Na 2 SO 4 .
2-Azidoethyl 2, 
-To a solution of 3 (1.00 g) and 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-b-D-galactopyranosyl trichloroacetimidate (4, 10 1.00 g) in dry toluene (50 mL) were added 4 A , molecular sieves (0.93 g), and the mixture was stirred for 1 h under argon. The mixture was cooled to − 40°C, and a solution of TMSOTf (60 mL) in dry CH 2 Cl 2 (1 mL) was added. The mixture was stirred at − 40°C for 3 h and then overnight at room temperature. Et 3 N (0.5 mL) was added, and the mixture was diluted with EtOAc (100 mL) and filtered (Celite). The filtrate was washed with water (100 mL), aq NaHCO 3 (100 mL) and water (100 mL), dried, concentrated. Column chromatography (4:1:0. 2-Azidoethyl 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy- (6) . -A solution of 5 (2.30 g, 1.65 mmol) and 1,2-diaminoethane (32 mL) in n-butanol (117 mL) was stirred overnight at 75°C under argon. After cooling to room temperature, the mixture was co-evaporated with toluene (3 × 50 mL). A solution of the residue in 1:1 Ac 2 O -pyridine (130 mL) was stirred overnight at room temperature, then the mixture was co-evaporated with toluene (3 × 30 mL). 2-Azidoethyl 2-acetamido-4,6-O-benzylidene-2-de-
-To a solution of 6 (1.30 g, 0.992 mmol) in dry MeOH (40 mL) was added NaOMe (108 mg). The mixture was stirred at room temperature for 14 h, then neutralized with cation-exchange resin (H + form), and filtered. The filtrate was concentrated affording 7 (1.25 g, quant). To a solution of 7 (1.25 g) and a,a-dimethoxytoluene (354 mL) in dry CH 3 CN (15 mL) was added camphorsulfonic acid until pH 4 was attained. The mixture was stirred at room temperature for 24 h, then Et 3 N (0.5 mL) was added, and the solvent was removed under reduced pressure. The residue was chromatographed (2:1 petroleum ether -acetone) to give 8 (1.21 g, 90%): 1 2
-To a solution of 13 (402 mg, 0.731 mmol) in dry CH 2 Cl 2 (16 mL) was added Br 2 (35 mL, 0.731 mmol) at 0°C. The solution was stirred at 0°C for 40 min, and the solvent was subsequently evaporated. After co-evaporation twice with benzene, the residue was dissolved in CH 2 Cl 2 (16 mL) and added to a mixture of 8 (560 mg, 0.440 mmol), AgOTf (268 mg), 2,6-di-tert-butyl-4-methylpyridine (94.6 mg) and crushed 4 A , molecular sieves (950 mg) in CH 2 Cl 2 (16 mL), which had been stirred under argon for 40 min, and then cooled to − 20°C. The mixture was allowed to warm to room temperature and to stir overnight. The reaction mixture was diluted with CH 2 Cl 2 (100 mL) and filtered through Celite. The filtrate was washed with aq NaHCO 3 2
-To a solution of 15 (575 mg, 0.327 mmol) in 1:1 CH 2 Cl 2 -abs EtOH (16 mL) was added thiourea (115 mg) and 2,6-lutidine (69 mL). After stirring for 10 h at 58°C, the mixture was cooled to room temperature and diluted with CH 2 Cl 2 and washed with water. The organic layer was dried and concentrated. Purification of the residue by chromatography (2: 2-Azidoethyl
-To a solution of 16 (700 mg) in CH 3 CN (27 mL) and water (3 mL) was added ammonium cerium(IV) nitrate (675 mg), and the mixture was stirred for 1.5 h at room temperature. TLC (1.3:1 petroleum ether -acetone) then showed the disappearance of 16 and the formation of 17. The mixture was diluted with CH 2 Cl 2 (100 mL) and washed with aq NaHCO 3 (3×50 mL). The organic layer was dried, filtered, and concentrated. Column chromatography (1. 2
-To a solution of 17 (220 mg, 0.639 mmol) in dry pyridine was added sulfur trioxide·pyridine complex (668 mg, 4.20 mmol), and the mixture was stirred at room temperature for 36 h. MeOH (1 mL) was added, and stirring was continued for 10 min. The mixture was concentrated, and the residue was purified by flash chromatography (10: 
